In secondary MR, the mitral valve apparatus are structurally normal but dysfunctional because of ischemic or non-ischemic cardiomyopathy. The aim of this study was to identify echocardiographic MR variables associated with 6 Minute Walk (6MW) exercise in patients with non-ischemic cardiomyopathy.
Introduction
Mitral regurgitation (MR) is the second most prevalent valvulopathy in Europe after aortic stenosis (1) . MR is insidious due to progressive remodeling of the atrial and left ventricle (LV). Many patients with systolic dysfunction have secondary MR which influences the ventricular function in patients with systolic heart failure (2) . With secondary MR, the mitral valve apparatus is normal but dysfunctional because of ischemic or nonischemic cardiomyopathy. It is well known that exercise capacity is impaired in secondary MR, even when only mild (3) . Exercise may change the presence of MR and 6-minute walk test (6MW) which is simple, cheap, reliable, repeatable, and can be performed by almost all the patients (4) . We investigated our hypothesis whether 6MW exercise-induced changes in secondary MR.
We aimed to identify echocardiographic MR variables associated with 6MW in patients with non-ischemic cardiomyopathy. We used quantitative methods to measure MR changes after 6MW aerobic exercise, three times a week for six months and investigated whether exercise influences the degree of MR in these patients.
Materials and Methods
Eighty-one patients were diagnosed clinically stable, non-ischemic LV dysfunction (ejection fraction (EF) lower than 40%) and at least mild MR at İstanbul Faculty of Medicine cardiologic department between January 2016 and June 2017 and were enrolled consecutively. These patients could perform symptom-limited 6MW exercise three times a week for six months. The 12-lead electrocardiogram (ECGs) were obtained (0.5 to 150 Hz, 25 mm/sec, 10 mm/mV) and each patient had a recent normal coronary angiography. All the patients underwent a standard Doppler echocardiography examination by Vivid 7 ultrasound system [(General Electric-Vingmed, Milwaukee, WI, United States of America (USA)]. The severity of regurgitation was established by a comprehensive evaluation of color and conventional Doppler criteria. Exclusion criteria were functional MR (ischemic etiology), myocarditis, atrial fibrillation and poor acoustic window, inability to perform walk test, hypertrophic cardiomyopathy, renal impairment, significant respiratory disease, prior valvular surgery and concomitant moderate or severe valve disease. All patients were evaluated for their functional capacities, stratified by New York Heart Association (NYHA) classification and underwent echocardiography evaluation before 6MW aerobic exercise and six months after again. Pharmacologic therapy included an angiotensin-converting enzyme inhibitor in all 75, a diuretic in 69, a beta-blocker in 78 and spironolactone in 57 patients. The study was carried out in accordance with the Declaration of Helsinki. We obtained written informed consent from the patients. The ethics committee approved the study.
Echocardiographic Measurements
Echocardiography was performed, and images were obtained with a 2.5-MHz transducer in the parasternal and apical views. All the patients underwent twodimensional (2D), M-mode and color Doppler transthoracic echocardiography using standard views. 2D parasternal long/short-axis and apical views were performed for mitral anterior/posterior leaflets assessment, and a colored Doppler was used to assess the presence and the degree of severity of the MR. Two diameters of the mitral valve were used for the quantitative Doppler method; one measured from the parasternal long axis and the other from the apical four-chambers view. Both diameters were measured at the base of the leaflets, one frame after which begin to close after their initial opening (5). The MR quantification was performed according to the current recommendations, using both semi-quantitative and quantitative parameters (6).
2D echocawrdiography was performed in the apical four-chamber view by using harmonic tissue imaging to optimize endocardial definition. The area-length method was used to calculate end-diastolic and end-systolic LV volumes and the EF (7). The frame captured at the R-wave of the ECG was selected as the end-diastolic frame, and the frame with the smallest LV cavity was considered as the end-systolic frame.
MR was quantified by two methods: quantitative Doppler echocardiography and proximal isovelocity surface area (PISA) (8) . The results from both methods were averaged to calculate effective regurgitant orifice (ERO) and regurgitation volume (RV). Color flow imaging of MR was optimized with a small color angle from the apical window. The image of the mitral valve was expanded using the regional expansion selection. The color flow zero baselines were shifted downward to increase hemispheric PISA. The negative aliasing velocity usually 20 to 40 cm/s-was adjusted to obtain satisfactory hemispheric PISA. The MR severity was measured by the PISA method and the most optimal PISA half circle was obtained from the apical four-chamber view in all the patients. The proximal isovelocity radius was measured from at least three frames with the optimal flow convergence. The PISA radius was measured in the mid systole (9) . The largest radius, usually in mid-systole, was selected for analysis.
The ERO area was calculated by the standard formula (5) . The value of the ERO was obtained by dividing the RV with the MR inflow velocity time integral (VTI) area measured with continuous wave (CW) Doppler at the fourchamber view. During the measurements of ERO and RV with the PISA method in the patients with secondary MR, changes in regurgitation orifice throughout systole were considered (10) . To avoid overestimation of the ERO, we measured the radius of the PISA half circle during systole that corresponded to the maximal regurgitation velocity on the CW recording of the VTI of the regurgitant jet.
Doppler vena contracta (VC) width was measured from the apical four-chamber view (11) in each patient. The largest VC diameter was measured. The frame rate in color imaging was maximized by selecting the narrowest sector angle and regional expansion selection was used.
The VTI area at the mitral valve area level was measured by pulse wave (PW) Doppler during the diastole. We took great care in placing the sample volume at the level of the annulus in diastole. For the VTI measurement, the brightest signal of the PW tracing was used (8) . The diastolic inflow volume through the mitral valve was calculated by multiplying the mitral valve area with the VTI area during diastole.
Left ventricular (LV) EF was measured by using the biplane Simpson method (12) . In the longitudinal parasternal view of the left atrium (LA) diastolic diameter was measured. The mitral E and A-wave velocities were measured with pulsed-wave Doppler. The ratio of early (E) to the late (A) trans-mitral velocities (E/A) and deceleration time of E velocity were obtained using pulsed wave Doppler in the apical four-chamber view. The E velocity was measured at the septal mitral annulus in the apical four-chamber view.
All the measurements were performed with the view sector maximally zoomed over the respective valve, and mitral valve diameters were measured. The mean from at least three consecutive beats (5 in atrial fibrillation) was taken for each measurement. We took care in placing the sample volume correctly at the level of the annulus in diastole.
Statistical Analysis
Statistical analysis was performed using a statistical software program (SPSS for Windows, version 20.0; SPSS Inc, Chicago, Illinois, USA). Categorical variables were presented as frequencies with percentages, and continuous variables are presented as mean ± SD, median and inter-quartile ranges. Differences between before and after 6MW exercise were evaluated with Paired t-test or the Wilcoxon test for parameters with a normal or nonnormal distribution, respectively, as determined with the Kolmogorov Smirnov test. The Pearson correlation test was used to analyze the association between variables. A probability value of p<0.05 was considered significant.
Results
The baseline characteristics of the 81 patients with non-ischemic MR are presented below ( Table 1 ). The MR group consisted of 81 consecutive patients 63% (n=51) men, mean age 45.85±9.86 years, mean follow up 9.16±2.5 years with chronic non-ischemic pathology. The patients had 44% (n=36) Hypertension (HT), 14% (n=12) type 2 Diabetes mellitus, 14% (n=12) hyperlipidemia and 25% (n=21) family history. Treatment with furosemide 85% (n=69), [ACEI/Angiotensin receptor blocker (ARB)] 92% (n=75), spironolactone 70% (n=57), beta-blockers 96% (n=78), 14% (n=12) oral anti-diabetic 14% (n=12), statin 14% (n=12) and smokers %14 (n=12). All the patients were classified according to the NYHA (functional class I-51 patients, II-37 patients). Mean heart rate was 72±8.51 beat per minute at the beginning of the study.
Echocardiographic characteristics were evaluated at the baseline and after six months ( Figure  2 ). The EF significantly increased from 26.25±6.08 to 31.77±6.41% (p<0.001). The 2D speckle strain was performed on the Antero-lateral papillary muscle (ALPM) and on the Postero-medial papillary muscle (PMPM) and strain values increased significantly from 9.79±2.93 to 12.27±3.90% (p<0.001), and from 9.20±3.18 to 12.25±4.41 % (p<0.001) respectively (Table 2, Figure  3 ). There was no significance difference at baseline and after six months for left ventricle end-diastolic diameter (LVEDD) and diastolic function parameters.
Discussion
Our study suggests that the simple 6MW is linked with the degree of the MR. In asymptomatic non-ischemic Functional capacity could be easily measured by the simple, inexpensive and self-paced 6MW test. As the patient determines the distance walked, it may represent the patient's everyday experience. In the HF population, the aerobic exercise has been used as an outcome measure in several clinical trials (13, 14) . LV function has been shown to be a primary determinant of morbidity and mortality rates in MR. Leszek et al. (15) reported that 6MW test is related with the degree of the LV remodeling. Dynamic exercise studies showed increases in secondary MR in non-ischemic (16) etiology, and neither LV volume nor EF at rest or during exercise is a reliable predictor of exerciseinduced MR deterioration. In addition, progressive annular dilation during exercise may be a contributor to exercise induced MR in non-ischemic cardiomyopathy (17) .
After six months, changes in ESV and LVEF were examined during the analysis of the echocardiography by using the Simpson's method. When a healthy individual exercises in a supine position, the EDV slightly increases, whereas the ESV significantly decreases. An increase in the stroke volume and the LVEF augments the cardiac output (18) . There was no significant difference at baseline and after six months for LVEDD and diastolic function parameters but the stroke volume increased in the present study.
Quantitative Doppler echocardiography has proved to be a reliable method. The problem to avoid is the overestimation of the MR severity (19) and this may be due to the overestimated mitral annular area or time-velocity integral, or both. The PISA method appears to be more rapid and practical when the flow-convergence region is optimal. The flow convergence is the most recommended method (20) to evaluate MR severity. The aliasing velocity of color flow mapping is necessary for obtaining an appropriate PISA shape (21) . Using quantitative Doppler echocardiography to measure the volume of regurgitation during exercise may be an alternative in patients with a semi-elliptic or asymmetric shape of the flow convergence zone. Lebrun and all the reported feasibility of measuring RV with the PISA method was better during exercise than at rest (22) . Similarly, in this study we've reported that the PISA values became better after six months of 6MW test. We know that the PM asynchrony was associated with greater mitral RV and increased severity of MR. We've reported that the 2D speckle strain of APM and PMPM values increased significantly. ERO is a primary determinant of survival in patients with asymptomatic organic MR (20) , and according to the guidelines of American College of Cardiology/ American Heart Association (23) and European Society of Cardiology (24) , surgery may be recommended in selected asymptomatic patients with severe organic MR. While ERO is an anatomical entity; the RV depends on hemodynamic parameters. Both the EROA and the RV decreased significantly after six months with the 6MW test in our study.
In some studies, non-ischemic MR has been assessed using 2D quantitative techniques: proximal isovelocity surface (PISA) and pulsed Doppler volumetry. Underestimation of ERO in MR, low reproducibility and indirect measurement of ERO (6, 8) was known with several limitations for these studies. The PISA method significantly underestimated ERO due to the geometric and flow expectations in patients with functional MR. The irregular shape of ERO is relatively common in functional MR (25) . Asymmetric ERO leads to the underestimation of functional MR severity by usually using the 2D methods. By dividing the RV with the MR VTI area measured with CW Doppler at the four-chamber view, the value of the ERO was obtained.
The presence of relatively large VC area (VCA) at rest is associated with adverse clinical outcome in patients with mild-moderate functional MR at rest. The assessment of VCA at rest and its increasement during exercise are independent predictors of clinical outcome. The changes in the VC width correlated well with the changes in RV. The Color flow mapping of the VC of the MR jet is considered being relatively quick and easy (11) . Several studies have showed high feasibility and reproducibility for VCA assessment at rest (26) . VCA at rest has high sensitivity while its exercise-induced increase has high specificity for identifying patients with the adverse clinical outcome (27) . Also, the assessments of VCA seems to be highly sensitive to track exercise-induced changes in functional MR, while the PISA method underestimated EROA both at rest and during exercise. In our study we reported the VCA decreased significantly at the end of the six months with the 6MW test.
Limitations
Our study was done in a single medical center and therefore it's not free of selection bias. By design, patients who had not been managing exercise or patients who had symptoms at rest were not included in our study, and the results could not be generalized. Also, exercise capacity can be influenced by numerous comorbidities, including higher body mass index, not just MR. Finally, studies with a higher number of patients and novel echocardiographic modalities will be helpful to describe the appropriate assessment for functional MR.
Conclusions
Non-ischemic heart failure is often accompanied by a dynamic MR and sometimes severe MR. Six months of 6MW exercise showed a diminution in secondary MR which appears to be related to the changes in the global LV function. We have conclude that a simple, easily reproducible 6MW exercise might supplement the assessments of the grade of MR in secondary MR patients.
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